We report the isolation of Xdtx1, a Xenopus homologue of the Drosophila Deltex gene. Starting from tailbud stage, Xdtx1 transcripts are detected in the olfactory bulbs, pineal complex and along the neural tube according to an antero-posterior gradient showing a gap at the midbrain-hindbrain boundary. At tadpole stage, Xdtx1 expression is activated in the differentiating retina, where it is also found in the neuronal fibres of the outer and inner plexiform layers, while its expression in the pineal complex becomes restricted to the photosensitive frontal organ. Differently from other vertebrate Deltex homologues, Xdtx1 is exclusively expressed in regions undergoing neuronal differentiation as shown by complementarity with X-Notch-1 expression. q
Results and discussion
Notch-mediated signalling plays a fundamental role in neurogenesis and in a variety of developmental processes, as well as in pathogenesis of some human cancers and genetic disorders (Artavanis-Tsakonas et al., 1999) . Notch signalling has been conserved throughout evolution and several components of this pathway have been characterized both in Drosophila and vertebrates (Robey, 1997; Weinmaster, 1997) .
Deltex proteins have been recently identified as modulators of the Notch signalling pathway. The Drosophila Deltex gene encodes a positive regulator that interacts physically with the ankyrin repeats of the Notch intracellular domain (Busseau et al., 1994; Matsuno et al., 1995; Matsuno et al., 2002) . Recently, a human homologue (DTX1; Matsuno et al., 1998) and three murine members of the Deltex gene family (MDTX1, MDTX2 and MDTX3; Kishi et al., 2001; Mitsiadis et al., 2001 ) have been isolated. A Deltex homologue has also been partially cloned in chicken (cDtx2; Frolova and Beebe, 2000) . The Deltex members so far cloned share many common structural features and appear to be mainly expressed in the developing central and peripheral nervous system, suggesting a role in the regulation of neurogenesis. However, the exact function of Deltex proteins in vertebrate development remains largely unknown.
Here, we report the cloning and the developmental expression pattern of Xdtx1, a Xenopus homologue of Deltex sharing a high sequence homology with mammalian Deltex1. Compared to the expression pattern of the other Deltex vertebrate homologues, Xdtx1 displays similarities but also distinct features.
Cloning and characterization of Xdtx1
A full-length cDNA clone showing homology with Deltex genes was isolated from an embryonic stage 42 Xenopus cDNA library. Among the vertebrate homologues of Deltex, the Xenopus clone displays the highest sequence similarity with mouse Deltex1 and was therefore named Xdtx1 (accession no. AJ431211). The comparison between the predicted Xdtx1 protein and mammalian Deltex homologues shows that Xdtx1 contains three canonical domains (I, II and III, Fig. 1 ). Domains I and III appear to be well conserved among the various members, while the least conserved portion is domain II, which contains prolinerich motifs. In particular, domain I contains two WWE subdomains (Aravind, 2001) and domain III contains a RingH2 Zinc-finger motif. Clusters of basic residues which potentially serve as nuclear localization signals are present in Xdtx1 domain I and II (cf. Matsuno et al., 1998) . Xdtx1 contains an open reading frame encoding 623 amino acids. The deduced Xdtx1 protein shares the highest similarity with MDTX1 and human Deltex1 (77 and 76%, respectively), followed by MDTX2 (44%) and MDTX3 (17%). Identical amino acids are indicated in blue. The WWE domains, the proline-rich regions and the Ring-H2 finger motif are shown in light blue, yellow and green, respectively. The red lines highlight the nuclear localization signals. The asterisks denote cysteine and histidine residues of the Ring-H2 finger domain.
Developmental expression of Xdtx1
We analyzed the expression of Xdtx1 mRNA by whole- the neural tube with an antero-posterior gradient ( Fig.  2A,B) . These regions, which are among the earliest sites of neuronal differentiation after neural tube closure (Hartenstein, 1993; Papalopulu and Kintner, 1996) , continue expressing Xdtx1 during the following developmental stages. By stage 32, the hybridization signal becomes more prominent and better defined (Fig. 2C,E) . At this stage, Xdtx1 is expressed in the olfactory bulbs, the pineal complex, as confirmed by double in situ hybridization with Xrx1 (Fig. 2F,G) , and along two lateral stripes running from the telencephalon to the spinal cord (Fig. 2C,E) . These longitudinal domains show a gap at the midbrain-hindbrain boundary, marked by Xpax2 expression (Fig. 2H) . Transverse sections show that Xdtx1 is expressed in peripheral regions of the lateral walls of both the brain vesicles and the spinal cord (Fig. 2I-M) . In addition, anterior sections show expression in the ventral telencephalon (Fig. 2I ). In the spinal cord, Xdtx1 and X-Notch-1 expressions show a complementary pattern. In fact, Xdtx1 transcripts are detected in postmitotic, N-tubulin-positive cells while X-Notch-1 is expressed in proliferating precursor cells of the ventricular zone ( Fig. 2M-O) . Compared to the expression of Xlim3, a motoneuron marker, Xdtx1 expression appears to extend more dorsally and ventrally ( Fig.  2M,P) . Thus, both Xdtx1 antero-posterior expression gradient and its lateral expression in the neural tube seem to parallel the pattern of neuronal differentiation (Hartenstein, 1993) , rather than coinciding with specific neuronal types. At stage 40, Xdtx1 expression in the brain expands to more dorsal and ventral regions consistently with the temporal sequence of neuronal differentiation (Fig. 2Q-S) . At this stage, Xdtx1 is also activated in the hypothalamus (Fig.  2R ) and the retina (Fig. 3A-C) . In the retina, Xdtx1 displays a diffuse expression with significantly higher levels in the differentiating photoreceptors of the peripheral outer nuclear layer, as well as in the outer and inner plexiform layers (Fig. 3B,C) . Xdtx1 expression is excluded from the ciliary marginal zone (CMZ), the peripheral region of the retina where multipotent precursors are located, with at most some overlapping in the central area of the CMZ where cells become postmitotic (Fig. 3B) . Interestingly, Xdtx1 expression pattern in the stage 40 retina appears to be complementary to that of X-Notch-1, which is expressed in the CMZ with the exception of the most peripheral region ( Fig. 3E ; see also Perron et al., 1998) . The complementarity between Xdtx1 and X-Notch-1 expression follows also a temporal order since Xdtx1 is not expressed in the eye at stage 32 when X-Notch-1 expression is still prominent (Fig.  3A,D) . Xdtx1 expression pattern in the retina differs from that of MDTX1, which is also expressed in Notch1-positive cells (Kishi et al., 2001; Mitsiadis et al., 2001) . Inspection of Xdtx1 expression in the pineal complex at stage 40 revealed that the transcripts are restricted to the most superficial structure corresponding to the photosensitive frontal organ, which does not express X-Notch-1 (Fig. 3F,G) .
In conclusion, Xdtx1 is the first cloned Xenopus homologue of Deltex and its expression correlates with the spatiotemporal pattern of neuronal differentiation in the brain and in the spinal cord (see Hartenstein, 1993) . Moreover, Xdtx1 is expressed in the frontal organ, a photoreceptive structure typical of non-mammalian vertebrates, as well as in differentiating regions of the eye where the transcripts are also detected in the neuronal fibres of the plexiform layers.
Experimental procedures

cDNA clones
A Xenopus cDNA fragment encoding a peptide with similarity to a region of the human Deltex protein was identified by performing PCR experiments on a stage 42 cDNA library constructed in UniZAP vector, using the following degenerated primers: forward 5 0 -CTATCGATATHATGCAYCT-
The isolated cDNA fragment of about 600 bp contained the 3 0 region of the coding sequence and part of the 3 0 UTR.
In order to clone the 5 0 cDNA region, semi-nested PCR experiments were performed by using T3 specific primer for UniZAP sequence and two specific primers for 3 0 cDNA region: FG2 5 0 -CCTTTCTGCCCTTATCATTATC-3 0 , FG1 5 0 -TGGTAGATAGCAGTGTCGTGG-3 0 .
The full-length cDNA (1875 bp) was isolated using the following primers: antisense 5 0 -CCAGTGCCATCATCAG-TATGGAAG-3 0 , sense 5 0 -CTGTCAGTCTTGATATGT-CACGG-3 0 , and it was cloned in pGEM-T easy vector (Promega).
Whole-mount in situ hybridization
Embryos were staged according to Nieuwkoop and Faber (1967) . Whole-mount in situ hybridization was performed essentially as described by Harland (1991) . BM purple and BCIP were used as alkaline phosphatase substrates. For histological examination, whole-mount processed embryos were dehydrated, embedded in Paraplast and cut into 12 mm sections.
